Aims: Doppler echocardiographic studies of left ventricular diastolic function in patients with thalassaemia major have shown conflicting findings. This study was undertaken to compare Doppler echocardiographic parameters of diastolic function among a group of patients with thalassaemia major, a group with thalassaemia intermedia and a group of normal individuals.
Introduction
The effect of iron overload in patients with thalassaemia major has been likened to that of haemochromatosis with patients ultimately developing a restrictive form of diastolic heart failure [1] [2] [3] . A study using Doppler echocardiography reported evidence of a restrictive filling pattern in a group of patients with thalassaemia major and preserved systolic function who were on regular transfusion therapy when compared with agematched controls who were not anaemic [4] . However, the anaemic state itself may affect the Doppler echocardiographic variables of diastolic function by virtue of the decreased systemic vascular resistance and lower blood viscosity in addition to a discrepancy in the size of thalassaemic patients compared with normal controls, making a comparison of the two groups less than ideal. Kremastinos et al. acknowledged this confounding effect in their study of 88 patients with thalassaemia major [5] . They found no major difference in diastolic function between patients with thalassaemia major when compared with normal age-matched controls except for changes they attributed to the effects of anaemia. In addition, they compared subgroups with high and low serum ferritin levels with no major differences in diastolic function noted between them.
Among patients with thalassaemia major there exists a subgroup of patients, known as thalassaemia intermedia, who despite their anaemia, require much less transfusion therapy and hence are less likely to develop iron overload. Furthermore, thalassaemia major patients are relatively underdeveloped and this factor must be taken into consideration in any comparative study. In the present study we sought to compare diastolic function in a group of patients with thalassaemia intermedia, a group with thalassaemia major and a third group comprising healthy volunteers. Any difference between the two groups with anaemia and the control group, after correcting for body size, would be attributed to the effect of repeated blood transfusion.
Methods

Population
The criteria for inclusion in the study were: age under 30, normal systolic function (ejection fraction >50%) and absence of significant valvular disease. Of 98 patients originally considered, seven patients with thalassaemia major were excluded due to an ejection fraction of less than 50%. In three patients echocardiographic or Doppler tracings were suboptimal and these were excluded. The remaining patients were divided into two groups: group A consisted of 50 patients with thalassaemia major who were receiving regular blood transfusions at an average rate of once a month since infancy; group B consisted of 38 patients with thalassaemia intermedia who were off transfusions for at least one year. Group A patients were receiving iron chelation therapy, in the form of subcutaneous Deferoxamine, regularly for at least a year, while previous intake was considered erratic. The average of the last three ferritin measurements was used for analysis. Twenty-nine healthy young volunteeers served as the control group (group C).
Echocardiographic and Doppler study
Examinations were performed using HP 1000 and 1500 systems. M-mode measurements of the left atrium and left ventricle were made according to the recommendations of the American Society of Echocardiography [6] . Left ventricular mass was calculated according to the method of Devereux [7] . Ejection fraction was estimated from the parasternal short axis M-mode measurements according to the formula: EF={(end diastolic diameter) 2 (end systolic diameter) 2 }/(end diastolic diameter) 2[8] . The radius to thickness ratio, an index of wall stress, was calculated as half the diameter divided by the free wall thickness.
Pulsed Doppler evaluation of mitral flow was made by placing the sample volume at the tips of the mitral leaflets, and that of the pulmonary veins with the sample volume in the right lower pulmonary vein as viewed from the apical four chamber window. The peak early (E) and late (A) mitral diastolic velocities, the deceleration time (DT), and the pulmonary systolic (S) and diastolic (D) velocities were measured online with the average of at least three measurements taken. The atrial reversal of pulmonary flow proved difficult to be reliably measured in a large number of patients and hence was not included in the analysis. The deceleration rate was calculated as the ratio of the (E) velocity to the deceleration time. The isovolumic relaxation period was measured by placing a sample volume about 1 cm in length in the region of the left ventricular outflow tract and the mitral valve. The time between the closure artefact of the aortic valve and the onset of mitral flow was then determined.
Stroke volume was calculated as the product of the time velocity integral of flow in the left ventricular outflow tract and the area of the latter and subsequently cardiac output was determined as the product of the stroke volume and heart rate.
Statistical Analysis
The personal characteristics, health data, and echocardiographic and Doppler findings were compared among the thalassaemia major (group A), intermedia (group B) and control (group C) patients. Student's t-test was used to test for statistical significance set at P<0·05. Multiple linear regression was then used to assess the effect of disease status (major, intermedia or normal) on selected echo or Doppler findings after adjusting for certain physical characteristics that are known to affect these findings such as age, body surface area and heart rate. Data were analysed using SPSS for Windows [9] .
Results
Eighty-eight patients and 29 controls were considered in the analysis; 50 in group A and 38 in Group B. The 29 controls were considered as group C.
Physical Characteristics (Table 1) The mean age of the thalassaemia major group was less than that of the intermedia group but slightly greater than the control group. Patients in the intermedia group were significantly better developed physically than the major group being of a taller and heavier stature and consequently a larger body surface area although to a lesser extent than the controls (P<0·001). The haematocrit levels were comparable but the ferritin levels were significantly higher in the major group. No blood studies were performed on the control group.
Echocardiographic Findings (Table 2)
Group B had larger chamber dimensions than groups A and C . Left ventricular mass index was higher also; the radius to thickness ratio in the two groups with anaemia differed significantly from the controls.
Doppler Findings (Table 3)
The E wave of mitral inflow was higher in the intermedia group. Although the deceleration time was longer in this group, it may be accounted for by the higher E wave. However, the deceleration rates in the two groups with anaemia and in the control group did not show any significant variation. With the knowledge that many diastolic variables are affected by age, heart rate or body surface area, we proceeded to perform a multiple linear regression analysis to control for the effects of these factors on the above data (Table 4) . When age and body surface area were controlled for, the isovolumic relaxation time was significantly higher in the thalassaemia major group as compared with the thalassaemia intermedia group (P<0·03) and in turn when compared with the controls (P<0·001).
Discussion
As expected, the intermedia patients were better developed relative to their age compared with the major group in terms of height, weight and body surface area but were less developed than the controls. The cardiac index and left ventricular mass index were greater in the thalassaemic groups (A and B) than in group C. This may be explained on the basis of the high cardiac output secondary to anaemia. The left ventricular mass index was greater in group B as compared with group A patients. This, we presume, is due to the fact that endocrinopathies including hypopituitarism and hypogonadism, which have an effect on left ventricular mass are more prevalent in patients with thalassaemia major.
The E wave was significantly higher in the intermedia group compared with the major and control groups (P<0·001). The magnitude of the E wave has been shown to be mostly governed by the initial left atrial pressure being directly related to it, and is inversely related to the rate of relaxation. It is lowered by high atrial and ventricular stiffness and by systolic dysfunction. In addition it has an inverse relation to mitral valve area and blood density. The latter becomes important when comparing anaemic patients to normal individuals. There is no relation to cardiac output as long as the left atrial pressure remains constant [8, 10] . Since the study patients had normal systolic function and were not in heart failure, discounting any major influence of left atrial pressure, it may be assumed that the major cause of the lower peak filling velocity in the major group was related to impaired relaxation and/or increased chamber stiffness.
In contradistinction to the deceleration time, which is partly dependent on the height of the E wave, the 
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deceleration rate is determined by the rate at which atrial and ventricular pressures approach each other following the peak atrioventricular gradient in early diastole; this in turn is governed by the relative stiffness of the two chambers. Relative or net stiffness is altered by factors that either change the basic pressure-volume relationship of the chamber, e.g. intrinsic myocardial disease, or alter the location on the pressure-volume curve at which the chamber is operating (changes in end-systolic volume) [10] . Relaxation may not be complete at this stage and so may further complicate this relationship in the sense that if relaxation is incomplete, then the deceleration rate will be decreased. The mitral valve area is another factor positively affecting the deceleration rate. In one study the pressure halftime, a parameter similar to the deceleration rate, was shown to correlate with body surface area (a reflection of valve area) [11] . In our study, multiple linear regression analysis, correcting for body surface area, showed a tendency towards a lower deceleration rate in the major group compared with the intermedia group. This difference was more significant when comparing the major group to the controls (P<0·004) and is suggestive of a possible effect of impaired relaxation in patients with thalassaemia.
The isovolumic relaxation period spanning the time from aortic valve closure to the onset of mitral flow is dependent on several factors. In addition to the effect of aortic diastolic and left atrial pressures on the timing of aortic valve closure and mitral valve opening respectively, the rate of myocardial relaxation is an important factor governing the length of this period and this is altered in several disease states, e.g. ischaemia, left ventricular hypertrophy and infiltrative myocardial diseases. Many studies have also shown this period to vary directly with age and body surface area and indirectly with heart rate, making it imperative to account for these factors in studies of diastolic function in children and adults [11] [12] [13] . When these factors were controlled for in the present study, a statistically significant difference was noted between the two groups with thalassaemia (P<0·001). There was again a significant difference in isovolumic relaxation time between these two groups and the control group suggesting an element of impaired relaxation probably due to myocardial iron overload. Iron overload ultimately leads to a restrictive form of diastolic heart failure. This has been reported in numerous studies [2, 3, 14] . There is, however, no clear description of the earlier stages of involvement of the heart before cardiac dysfunction becomes overt. Most myocardial diseases pass through a stage of impaired relaxation before the development of systolic dysfunction. Early myocardial involvement in cardiac amyloidosis has been shown to manifest findings of impaired relaxation; restrictive findings were noted only in the advanced state [15] . It is therefore not surprising that such a situation should exist with thalassaemia major. Indeed, Valdes-Cruz et al., using computer analysis of the rate of thinning of the posterior wall of the left ventricle in diastole, noted a slower rate of thinning in thalassaemic patients as compared with normal controls consistent with a pattern of delayed relaxation [16] . Lau et al. also found a slower peak rate of diastolic left ventricular dimension change (termed relaxation rate), and a lower peak rate of wall thinning in diastole in patients with thalassaemia major as compared with normal controls and to a small group of patients with thalassaemia intermedia [17] . Previous Doppler-echocardiographic studies compared patients with thalassaemia with normal controls who differ in size and haemoglobin levels, factors which may affect many Doppler parameters of diastolic function [4, 5] . The comparison of high and low ferritin groups, albeit with the patients on regular transfusion, by Kremastinos et al. [5] helped to partially address this problem. Their results, however, failed to show any difference, although serum ferritin may not be a completely reliable index of the degree of cardiac iron overload. The degree of iron deposition in the organs occurs earlier and to a greater extent in the liver and spleen than in the heart, as documented by magnetic resonance imaging [18] . Patients with thalassaemia intermedia represent an interesting comparison group in that their transfusion requirements are minimal and hence are much less likely to suffer from iron overload. They were much better built than the major patients, however, a factor that must be taken into account in the analysis of parameters Doppler diastolic function.
Conclusion
The findings of the present Doppler echocardiographic study comparing patients with thalassaemia major and thalassaemia intermedia to a group of healthy subjects, and taking into consideration age, heart rate and body surface area, point to subtle differences in parameters of diastolic function consistent with a state of impaired myocardial relaxation probably related to myocardial iron deposition. These findings are consistent with previous echocardiographic studies using computer analysis of left ventricular relaxation in diastole and suggest that restriction is not usually seen as long as left ventricular systolic function is normal.
